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Abstract

In this thesis, linear and non-linear phenomena investigate the process by which certain materials
are affected by high-power lasers (i.e. GaAs, graphene, BK4). One of the main lines is
understanding Terahertz (THz) generation using photoconductive antennas, as well as THz waves
that are generated in the acoustic region. Post-generation, the THz waves will be directed by the
stimulation of surface plasma waves.

A theoretical framework has been developed for generating THz radiation out of an intricate
utilizing laser-illuminated GaAs construction. When a laser beam impinges on GaAs it creates
carriers inside the material. These carriers generate a transient current, averaging over picosecond
timescales under the electric field. The circulating current exhibits dipole like behavior, resulting
in the production of THz waves from the GaAs array is estimated by employing antenna theory of
the photoconductive antenna especially about electron mobility during current density rise. The
discrete dynamical oscillator array subsequently emits long-range phase-locked THz waves,
resulting in an ensemble as a whole acting as a phased-array dipole antenna. When a laser hits the
GaAs material under bias voltage conditions, we can define Keldysh parameter so that it helps to
know how many electron-hole pairs get produced per cycle.

Moreover, the study suggests a stronger optimization of the photoconductive antenna approaching
to perfect device for fully coherent THz emitter even under magnetic field. Magnetic fields
enhance the intensity of radiation and provide greater tunability of its frequency, enhancing the
system performance of THz. Because the magnetic field causes carries to rotate before they reach
the corners, it increases their time in double layers resulting in creation of high-frequency pulses
and greatly enhancing radiation power.
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Finally, the research investigates increased THz-radiation by periodic GaAs structures in
interaction with graphene. Indeed, there is a critical function for graphene's interaction with surface
plasma wave excitation in improving the emission of THz radiation. Upon laser incidence on a
GaAs substrate with transverse graphene strip, long. current is created during the contact of
radiation (on beam axis) and short one due to action of PC antenna laser influence. This leads to
an amplified THz radiation amplitude through such a process, which involves graphene.

Once THz radiation is generated, the task at hand is to effectively direct it. This is achieved by
focusing a Terahertz beam into a waveguide that surrounds a small GaAs semiconductor between
two parallel metal plates, it is possible to generate surface plasma waves (SPW) seated at the
boundary between the metallic and semiconductor materials. it is observed that the real component
of the propagation vector exhibits a consistent rise as the frequency of the SPW rises, while the
imaginary component gradually decreases. When studying the pulse distortion caused by the
Terahertz wave (THz), scientists have discovered that it produces components with varying phase
velocities.

Additionally, the thesis explores an alternative way to generate THz radiation with theories using
a plasma waveguide. This method has utilized a non-linear combination of two lasers within a
plasma capillary to produce THz radiation. The TM-mode in plasma capillary is considered and
investigated under laser field where it differs to that of metallic waveguide. Inside the plasma, the
refractive index is less than one, preventing waveguiding, but the density profile can be adjusted
to allow laser propagation through the waveguide. Non-linear mixing of two lasers within this
waveguide creates ripples that satisfy phase-matching conditions. The resulting non-linear
oscillatory velocity of electrons, when coupled with perturbed density, generates non-linear current
density, which in turn produces THz radiation. A transverse ponderomotive force is applied, which
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occurs in a field that oscillates quickly but has an amplitude that changes slowly. The presence of
non-linear mixing necessitates the creation of ripples to facilitate THz wave generation.

Finally, the thesis examines a different approach to generating THz radiation by interacting a
femtosecond laser pulse with dense plasma. The focus is on developing a theoretical model to
explain the generation of strong Terahertz acoustic waves observed experimentally. The model is
based on the hydrodynamic processes triggered by rapid plasma heating. This paper presents an
alternate rationale for the empirical detection of powerful Terahertz acoustic waves that are created
in dense plasma formed by laser emissions. This experiment utilized a 20 TW laser that employed
chirped pulse amplification (Ti: sapphire, 30 fs, 800 nm), focused on a solid foil target utilizing a
parabolic mirror inclined off-axis. The Terahertz (THz) acoustics phenomenon was observed on a
picosecond timescale when a dense plasma is interacted with a femtosecond laser operating at a
10' W/cm? intensity. In this study, we will develop a theoretical framework to explain this laser-

plasma interaction and the resulting radiation generation.
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